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Abstract 
Public transit services in rural areas need to be innovative to satisfy variable demand. In addition, travel demand is low and 
residents may have different destinations. Furthermore, rural communities vary widely within regions. Therefore, it is inadvisable 
to run a fixed schedule transit service. Government and local authorities have attempted to maintain public transit services in 
rural areas and improve accessibility to these services. Dial-a-Ride (DAR) systems are a form of flexible transportation for better 
service in rural areas by covering a relatively large area with respect to potential demand. The complexity of the problem makes 
the DAR problem an NP-hard problem, whose optimal solution is difficult to find in cases of medium- and large-sized problems. 
As a result, most paper handling solution methods for a DAR problem are based on heuristic methods. Here, we provide a 
solution for the DAR service problem based on a mixed-integer formulation. This study mainly discusses enhancing transit 
service in rural areas with complex road network topographies where fixed services are less available or are cost ineffective. In 
addition, we discuss improving service quality with respect to different user types. More attention is paid to considering the 
social side cost by minimizing not only operating costs but also the total travel times of all travelers. Computational experiments 
based on real-life data from a locality in Gifu Prefecture, Japan were carried out to test the effectiveness of the proposed 
algorithm. The results show decreased mean waiting time and excess ride time by considering user costs. 
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1. Introduction  
A common problem in rural areas is a lack of public transit systems, particularly for people with special needs 
which may lead to social exclusion. It is difficult to enjoy a transit service if the bus stop or station is distant from 
the traveler’s origin and/or destination, particularly in adverse weather conditions. With increasing social awareness 
in recent years, we now understand that many people cannot use a traditional public transit system. As a result, 
flexible transit systems have replaced traditional transportation systems in some rural areas. ITS technologies and 
automated reservation and scheduling systems have enhanced the operational strategies of transit services. Use of 
GPS enhances dispatch operations, and mobile data terminals provide fast and accurate trip information. These 
enhancements have allowed more flexible and cost-effective transport services to be constructed, such as Demand-
Responsive Transport (DRT) and Dial-a-Ride (DAR) services. 
The Dial-a-Ride problem (DARP) is a generalization of the Pickup and Delivery Problem with Time Window 
(PDPTW), in which passengers are transported between specified origins and destinations. The DARP consists of 
designing vehicle routes and schedules for a number of users to be picked up and delivered to specified points within 
a given time window (TW). Due to the high level of service required for this type of service, additional operational 
constraints must be considered, which increase the complexity of the problem. 
The area of this study is a rural mountainous area; therefore, the road network has complex topography, and 
communities are not well connected (Fig. 2a). The communities varied widely across the area (e.g., the distance 
between the two furthest served points was 18.6 km, which requires travelling 40 min). In addition, traffic demand is 
low and more than 40% of the population are elderly people. Therefore, it is inadvisable and cost ineffective to run a 
fixed-route bus service. Instead, local authorities have provided a dial-a-ride service and improved the availability 
and accessibility of these services at a low cost. The aim of this study was to use a DAR service as a public transit 
system in places where regular fixed services are less available or cost ineffective due to low demand, low 
population density, or areas with complex road network topographies. The objective was to minimize the total 
operational costs of the service and total travel times while satisfying a set of passenger service constraints. In 
addition, the quality of the service provided was to be enhanced with respect to different user types. More attention 
was paid to the design of the service, considering user and operating costs. 
The remainder of the study is organized as follows: Section 2 reviews DARP-related studies, and Section 3 
describes the details of formulating a DARP model. Section 4 reports some computational results, and the 
conclusions and comments are discussed in Section 5. 
2. Literature review  
The DARP is a generalization of the PDPTW. However, people are transported in a DARP, instead of goods, 
which focuses the problem on controlling user inconvenience. The reader is referred to Parragh et al. (2008a, b) for 
PDPTW and Cordeau and Laporte (2003a–2007a) for PDPTW and DARP surveys. 
According to Psarafits (1980) DAR systems can be operated in static and dynamic modes, based on demand 
characteristics. In the static case, all travelers’ requests are known in advance, whereas in dynamic mode requests 
are received during the day, and the vehicles’ routes and schedules are updated in real time. However, Cordeau and 
Laporte (2003a) reported that a pure dynamic DAR rarely exists, as a subset of the requests is known in advance. 
Kurauchi et al. (2005) reported that a variety of request assignment methods exist. The “First-Request-First-
Serve” protocol, in which service is provided based on the sequence of requests, is simple but inefficient for 
handling many requests. An earlier request always has priority in the “First-Request-First-Assign” system but the 
results may not be globally optimal, as demand is assigned sequentially. Those authors stated that gathering all 
requests in advance and assigning them simultaneously is necessary to obtain an optimal global solution. 
The DAR problem is complex, which makes it an NP-hard problem, whose optimal solution is difficult to find. 
Therefore, most studies that have described DARP solutions were based on heuristic and metaheuristics methods. 
Diana and Dessouky (2004) presented a parallel regret insertion heuristic to solve the DARP with a TW. The 
proposed algorithm was tested on datasets of 500 and 1,000 requests in Los Angeles County (CA, USA). The results 
showed that the quality of the solution was improved consistently when compared with the classical insertion 
heuristic. 
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Schonfeld and Luo (2007) improved the parallel insertion heuristic by introducing a rejected-reinsertion heuristic 
for the multi-vehicle DARP. Their proposed method resulted in a 17% improvement over the parallel insertion 
heuristic. Wong and Bell (2006) proposed using the modified insertion heuristic to solve static DARP. Lois et al. 
(2007) developed a very large scale neighborhood heuristic algorithm to solve the multi-vehicle DARP. The 
proposed heuristic was tested for small samples of up to 28 requests. 
Cordeau and Laporte (2003b) described a tabu search heuristic for the static multi-vehicle DARP and tested it 
using randomly generated data from 24–144 requests. Attanasio et al. (2004) updated the work of Cordeau and 
Laporte (2003b) and introduced the parallel tabu search for the dynamic multi-vehicle DARP. The computational 
results indicated that parallel computing is useful for solving real-time vehicle routing problems. Paquette et al. 
(2013) proposed a multi-criteria algorithm incorporating a tabu search process with the aim of optimizing cost and 
service quality criteria.  
A variable neighborhood search was used by Parragh et al. (2010) for the static multi-vehicle DARP.  
Additionally, Muelas et al. (2013) developed a new variable neighborhood search and tested it on a set of 24 
different scenarios in a large-scale DARP in San Francisco (CA, USA). Masson et al. (2014) developed an adaptive 
large neighborhood search to solve the DARP with transfers. 
Only a few studies have provided exact algorithms for solving the DARP because of the complexity of the 
problem. Psarafits (1980) applied dynamic programming to solve static and dynamic single-vehicle DARP. He used 
a generalized objective function to minimize the weighted sum of route completion time and customer 
dissatisfaction. Dynamic programing algorithms can also be found in Psarafits (1983) and Desrosiers et al. (1986). 
Cordeau (2006) proposed a three-indexed formulation for the DARP and provided a branch-and-cut algorithm to 
find the optimal solution. The author used new valid inequalities for the DARP and known valid inequalities for the 
vehicle-routing and pickup and delivery problems. The numerical experiments were solved optimally for up to 36 
requests. Later, Ropke et al. (2007) applied the branch-and-cut algorithm with a more efficient two-index problem 
formulation and additional valid inequalities to solve the PDPTW. In this case, up to 96 requests were possible to 
establish optimal efficiency. According to Cordeau and Laporte (2007a), the PDPTW is a DARP without the 
maximum ride time constraint.  
Hu and Chang (2013) applied the branch-and-price approach to design vehicle routes and schedules. The aim of 
their study was to explore the influence of the TW on traffic conditions. The results showed that the length of the 
TW significantly affects objective value and computational time. 
Cordeau et al. (2007b) reported that most DARPs are characterized by three often conflicting objectives: 
maximizing the number of requests served, minimizing operating costs, and minimizing user inconvenience. 
According to Ozen (2010), DAR services are different from traditional fixed route services, as carrying more people 
results in more pick-up and drop-off points, which increases travel times. 
Zahari et al. (2008) stated that service quality has become an important element in the private and public sectors.  
Paquette et al. (2009) conducted a survey about the quality of a DAR service. Based on their survey, the most 
frequent attributes used to express quality are TWs, deviations from the desired or promised time at the point of 
origin or destination, maximum trip time, and deviation between trip time and direct travel time. 
Most DARP studies have been based on heuristic methods, as optimal solutions are difficult to find. Most have 
been concerned with minimizing computing time and operating costs with less attention paid to maximizing the 
service quality provided to travelers. Our aim in this study was to design a DAR service for rural areas with low 
demand and road topography problems. In addition, we wanted to provide a suitable level of service to travelers by 
decreasing total travel times, waiting times, and excess passenger ride times. We defined the maximum ride time for 
a request based on the type of traveler (elderly, ordinary …etc) to develop a more adequate service. We modified the 
algorithm presented by Cordeau (2006) to meet our goals. 
3. Model formulation 
Each request has a specified pickup node and delivery node as well as a time window on both nodes also a 
maximum ride time is predetermined to each request. The DAR vehicle fleet is assumed to be homogenous, and all 
vehicles depart and return from the same depot with the same maximum route duration time (time that the DAR 
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vehicle leaves the depot until it returns). Note that the homogeneity of the vehicle capacity is not a compulsory 
assumption and this can easily be relaxed. 
Consider the directed graph G = (N, A), where N is the set of all nodes and A is the set of all arcs. Each arc (i, j)ę
A  is associated with a travel cost cij  and travel time tij. The set of nodes, N , is divided into four subsets: pickup 
nodes (P ={i,…, R}), delivery nodes (D ={R+i,…, 2R}), origin depot node (So ={0}), and destination depot node (Sd 
={2R+1}). A request has two nodes (i, R+i), where  ięP  and  R+ ięD and each node i in the set N is associated 
with a TW [ei, li] and a passenger load,  qi, positive for the pickup nodes and negative for the delivery nodes. The 
model uses a binary three-index variable  xki j  equal to 1 if arc (i, j) is used by vehicle  k. The DAR service is 
formulated as a mixed integer program. The overall objective is to reduce operating costs and total travel times 
while satisfying a set of constraints to ensure a high level of service for passengers. With the aim of providing a 
clear description of our methodology, the following notation nomenclature is used in this study: 
 
Nomenclature 
K set of DAR vehicles  
R  set of all requests 
xki j equal to  1  if a vehicle travel from node  i  to node  j . Otherwise, equal to 0 
Bki time at which vehicle  k  starts service at node  i 
di service duration for passengers at node  i  (boarding/alighting) 
ei  earliest time at which service can begin at node  i 
li latest time at which service can begin at node  i 
hr dynamic parameter for the maximum ride time of a request  r  where a maximum ride time should be 
smaller than hr u  minimum ride time  
Tk  maximum route duration time of DAR vehicle  k 
Qki number of passengers in vehicle  k  after leaving node  i 
Qk  maximum vehicle capacity 
M large positive number 
RTT 
r
 actual travel time for request  r 
 
Based upon the above notations, our DARP model can be formulated as follows. 
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)1( xMtdBB kijijikikj t KkNjNi  ,,  (9) 
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The objective function (1) is to minimize the total operating costs of all DAR vehicles and total travel times of all 
travelers. Constraint (2) ensures that each request is served only once. Constraint (3) ensures that the pickup and 
delivery nodes for each request will be served by the same vehicle. Constraints (4) and (5) guarantee that the route 
of each vehicle k will start from the origin depot and end at the destination depot. Constraint (6) ensures that the 
vehicle leaves each node after arriving. Constraint (7) is the capacity condition to accept a request. Constraint (8) 
ensures that maximum vehicle capacity is respected. Constraint (9) is the time condition to accept a request. 
Constraint (10) describes the limits of the allowable ride time for each request. The upper limit of a request's ride 
time can be assigned dynamically for each request by parameter hr based on the request type. Constraint (11) 
ensures that the duration of each vehicle itinerary is less than the maximum route duration time for the DAR vehicle. 
Constraint (12) ensures that all nodes are serviced within their TW. Constraints (9) and (12) also guarantee no sub-
tours. 
Here, we attempt to modify the model proposed by Cordeau (2006) to achieve our goals. The general 
modifications include decreasing user inconvenience in terms of total ride times, waiting times, and differences 
between actual and desired delivery times. First, we minimize the total travel times of all travelers to the objective 
function. Second, each request is assigned a different maximum ride time depending on the type of request (elderly, 
disabled, ordinary, with lags). This modification helps the operator to distinguish the ride time of a request based on 
the passenger type. It also helps requests with shorter travel requests, as the maximum ride time of a request is 
dynamically related to the direct travel time of the request. 
Several arcs are removed from the graph to make the model more compact. Eliminating these arcs decreases the 
total number of binary variables. A simple analysis for the directed graph G leads to the following:  
x Arcs connected to the origin depot (So) 
- No arc can go from the origin depot to the delivery node, i.e., all arcs (0, i) for ięD can be eliminated. 
- No arc can go from a node to the origin depot, i.e., all arcs (i, 0) for ięN can be eliminated. 
x Arcs connected to the destination depot (Sd) 
- No arc can go from the destination depot to any node, i.e., all arcs (2R + 1, i) for ięN can be eliminated. 
- No arc can go from the pickup node to the destination depot, i.e., all arcs (i, 2R+1) for ięP can be eliminated. 
x Arcs connected to delivery nodes 
- No arc can go from a delivery node to the pickup node in the same request, i.e., all arcs (i, R+i) for ięP and R+i
ęD can be eliminated. 
4. Computational results 
The solution algorithm described in this study was developed in Matlab (Matlab Inc., Natick, MA, USA), and the 
IBM CPLEX 12.6.1 academic version was used as the optimization solver, as it uses a branch-and-cut algorithm. 
The experiments were run on a 3.6-GHz i7-4960x computer. Numerical experiments were conducted using actual 
data from Mino City, Gifu Prefecture, Japan. The maximum route duration time for each DAR vehicle was 680 min. 
A TW of 7 min was generated at pickup nodes. The TW limits were determined for the pickup nodes by adding TW 
to the desired pickup time. A TW was also generated at the delivery nodes to ensure reliable service. The TW for the 
delivery nodes was calculated by adding the direct travel time between the pickup and delivery nodes to the TW 
limits for the pickup nodes (Fig. 1). We assumed that the routing cost cij was equal to travel time tij for link ij. 
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Service quality was measured by several indicators, such as Average Excess Travel Time of ride time over direct 
time (AETT), Average Waiting Time before departure (AWT), and the Average Deviation between the actual and 
ideal Delivery Time (ADDT). The excess travel time is the difference between the actual travel time and the direct 
travel time from pickup node to delivery node. The calculations of excess travel time, waiting time, and deviation 
time for a request are shown in Fig. 1. 
 

Fig. 1. Calculations of time window limits, excess travel time, waiting time and deviation time. 
Three real-life instance sets (a–c) were used. Each instance was identified with a letter and a number. The letter 
referred to the instance set and the number referred to the number of requests. The average direct travel time for all 
requests was (13.31) min, and the longest direct travel time for all requests was (37.77) min. The first instance set 
(a) was used to check the effectiveness of the proposed algorithm. Up to five DAR vehicles were used to solve this 
instance set. The service duration time for all passengers was 1 min, and the dynamic parameter hr was 1.30 for all 
requests. Maximum computational time was set to 2 hours (7,200 sec) to check computational ability, and we 
increased the number of requests until computational time exceeded the limit. The results are presented in Table 1 in 
terms of the value of the objective function and solving time optimally. The AETT, AWT, and ADDT values are 
presented. 
As shown in Table 1, up to 65 requests were solved optimally within 2 hours. The results show that the AETT 
values were small (mean, 1.59 min) after modifying the objective function by minimizing the total travel time. The 
AWT values were higher for instances with more requests. This is why more customers might be assigned to one 
vehicle, which increases delivery and wait times. Some instances, such as (a45–a65), have much higher values than 
those of other instances, but it remained at around 2 min. The ADDT value averaged 3.64 min and was less than 
52% of the allowable deviation time at the delivery. This large value was caused by delaying travelers at pickup 
nodes.   
We tested some of the instances in set (a) using a new objective function that minimized only operating costs to 
check the effect of modifying the objective function. Table 2 shows the results of selected instances in two cases. 
The first case was designed to minimize operating costs and the total travel time of all requests (cost + RTT). The 
second case was designed to minimize only operating costs (cost). The results of this test are presented in terms of 
the value of operating costs, user costs, social costs, percentage of social cost savings, AETT, AWT, and ADDT. 
Based on the standard cost set by the Chubu District Transport Bureau, Ministry of Land, Infrastructure, Transport, 
and Tourism (2014), the cost for a DAR vehicle is 2,624.29 Yen/hour. Hence, operating costs were calculated by 
multiplying the total route times of DAR vehicles in minutes by 43.74 Yen/min, whereas user costs were calculated 
by multiplying the total travel time of all travelers in minutes by the value of time. Based on Road Bureau, Ministry 
of Land, Infrastructure, Transport and Tourism (2008), the value of time commonly used in Japan for cost benefit 
analysis on a road investment is (43.95 Yen/min). Social cost was defined as the sum of operating and user costs.  
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          Table 1. Computational results for DAR instances (a) 
Instance Value of Objective 
Function 
Solving time     
(Sec) 
AETT          
(min) 
AWT            
(min) 
ADDT          
(min) 
a15 440.10 2 1.74 1.50 3.24 
a20 495.60 5 1.53 1.35 2.88 
a25 671.60 15 1.52 1.94 3.46 
a30 771.10 54 1.61 1.93 3.54 
a35 954.30 109 1.56 1.84 3.4 
a40 1027.00 194 1.56 1.93 3.49 
a45 1114.70 477 1.46 2.61 4.07 
a50 1207.00 1298 1.67 2.04 3.71 
a55 1379.70 3579 1.63 2.32 3.95 
a60 1482.80 5714 1.61 2.20 3.81 
a65 1632.60 7024 1.60 2.93 4.53 
  Avg. 1.59 2.05 3.64 
 
Table 2. The effect of modification on social costs and service quality 
Instance Objective 
Function 
Operating Costs 
(1000Yen) 
User Costs 
(1000Yen) 
Social Cost 
(1000Yen) 
% Social 
Cost Savings  
AETT  
(min) 
AWT    
(min) 
ADDT   
(min) 
a20 
Cost + RTT 13.33 8.39 21.72 
0.97 
1.53 1.35 2.88 
Cost 13.33 8.60 21.93 1.72 1.70 3.42 
a30 
Cost + RTT 20.40 13.40 33.80 
2.37 
1.61 1.93 3.54 
Cost 20.40 14.196 34.60 2.01 2.27 4.28 
a40 
Cost + RTT 26.78 18.23 45.01 
2.44 
1.56 1.93 3.49 
Cost 26.78 19.33 46.11 2.14 1.95 4.09 
a50 
Cost + RTT 31.21 21.69 52.90 
1.83 
1.67 2.04 3.71 
Cost 31.21 22.66 53.87 2.03 2.26 4.29 
 
Based on the results presented in Table 2, social costs improved in all instances. In addition, the operating costs 
for the service were the same in the two cases, but user costs were lower for the first case. We conclude that the 
modification improved service quality and social benefits without increasing the operating costs of the service, 
indicating a balance between operator benefits and user needs. However, the reason why operating costs did not 
change should be examined. It may be because vehicles were not shared for many requests, or the values selected 
for the service design parameters, or the characteristics of the selected instances. Later, we will investigate the 
relationship between operator and user costs by changing the service design parameter values, such as hr and TW. 
We will also check ride sharing on the DAR service in terms of the number of passengers served at the same time 
with the same DAR vehicle.  
We tested the second set of instances (b) to investigate the effect of the dynamic parameter hr on operating costs, 
user costs, and traveler’s inconvenience. We used values for hr of 1.3, 1.4, and 1.5. The results are presented in 
terms of the value of operating costs, user costs, AETT, AWT, and ADDT in Table 3. The results in Table 3 indicate 
that when hr increases, operating costs decrease and user costs increase because increasing hr benefits the operator 
over the user’s needs by increasing maximum allowable ride time. The results also show that increasing hr increases 
AETT because increasing hr (increasing maximum allowable ride time) results in assigning more customers to each 
vehicle, which increases actual travel times. The effects of AWT and ADDT are different for different instances. In 
general, an adequate hr value is chosen by the local authorities, as it is a trade-off between the operator’s desires and 
the user’s needs.  
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          Table 3. Effect of the dynamic parameter hr on operating costs, user costs, and travelers’ inconvenience 
Instance hr Operating Costs 
(1000Yen) 
User Costs 
(1000Yen) 
AETT      
(min) 
AWT      
(min) 
ADDT     
(min) 
b16 
1.30 12.89 6.29 2.03 2.19 4.22 
1.40 12.75 6.44 2.16 1.69 3.85 
1.50 12.61 6.68 2.41 1.69 4.1 
b22 
1.30 14.85 8.29 1.84 2.18 4.02 
1.40 14.61 8.43 1.93 2.73 4.66 
1.50 14.42 8.59 2.11 2.27 4.38 
b28 
1.30 19.89 11.18 1.75 2.29 4.04 
1.40 19.45 11.36 1.83 2.61 4.44 
1.50 18.94 11.54 1.97 2.46 4.43 
b34 
1.30 24.54 13.62 1.70 2.21 3.91 
1.40 23.75 13.80 1.76 2.62 4.38 
1.50 23.15 14.00 1.88 2.41 4.29 
b40 
1.30 27.56 17.64 1.67 2.35 4.02 
1.40 26.77 17.97 1.72 2.05 3.77 
1.50 25.81 18.22 1.94 2.55 4.49 
b46 
1.30 31.25 20.68 1.66 2.61 4.27 
1.40 30.34 21.23 1.79 2.48 4.27 
1.50 29.64 21.56 1.98 2.54 4.52 
 
The third set of instances (c) was used to check the effect of a TW on operating costs, user costs, and traveler’s 
inconvenience. The results are shown in Table 4 in terms of operating costs, user costs, AETT, AWT, and ADDT. 
The results indicate that operating costs decreased as the TW value increased, possibly because a wide TW increases 
the number of feasible solutions. It is clear from the results that user costs, AETT, AWT, and ADDT increased with 
an increase in the TW, which increased user inconvenience because increasing the TW is more advantageous to the 
operator than the user, as shown by the decrease in operating costs. Therefore, the TW value represents a trade-off 
between the operator’s desires and the user’s needs.    
             Table 4. Effect of the time window on operating costs, user costs and travelers’ inconvenience 

Instance 
TW            
(min) 
Operating Costs 
(1000Yen) 
User Costs 
(1000Yen) 
AETT 
(min) 
AWT  
(min) 
ADDT 
(min) 
c20 
7 14.02 9.14 1.99 2.15 4.14 
9 13.77 9.41 2.09 2.90 4.99 
11 13.61 9.41 2.09 4.75 6.84 
13 13.47 9.41 2.09 5.00 7.09 
c25 
7 18.88 12.23 1.89 2.14 4.03 
9 18.43 12.36 1.97 3.14 5.11 
11 18.43 12.36 1.97 4.54 6.51 
13 18.32 12.36 1.97 3.82 5.79 
c30 
7 22.10 14.56 1.79 2.63 4.42 
9 21.66 14.69 1.84 2.64 4.48 
11 21.46 14.71 1.86 4.50 6.36 
13 21.31 14.71 1.86 5.03 6.89 
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The location of this numerical experiment was a rural mountainous area; therefore, the roads have complex 
topography and communities are not well connected (Fig. 2a). In addition, the communities vary widely compared 
to those in a city and traffic is minimal. We prepared a ride-sharing diagram based on the number of passengers 
served simultaneously by a DAR vehicle to check the effectiveness of the DAR service. The ride-sharing diagram is 
represented by straight lines connecting the pickup and delivery nodes. A ride-sharing diagram for instance (c20) 
served by three DAR vehicles is shown in Fig. 2b. The percentage of ride sharing is expressed by the thickness of 
the sold lines; thus, a thicker line represents more ride sharing, whereas a dashed line means no passengers are 
served by the DAR vehicle. The ride-sharing diagram shows that DAR vehicles occasionally traveled long distances 
to pick up passengers because of the road network. Other lines show a high percentage of ride sharing, which is 
advantageous to the operator, as it decreases costs. Although the mountainous rural areas and the road network 
restricted the vehicles, the DAR service achieved an acceptable percentage of ride sharing. This result proves the 
advantages of using a DAR service in rural areas and in areas with difficult road networks where a regular bus 
service may be less available or cost ineffective. 
 
  
Fig. 2. (a) Road network; (b) ride sharing diagram for instance (c20). 
5. Conclusion 
We developed an exact formulation for the DARP. Both operator and passenger perspectives were included in 
terms of minimizing operating costs and total travel times. More attention was paid to the quality of the service 
provided with respect to different user types by linking the maximum ride time of a request dynamically with its 
direct travel time. These modifications decreased average wait times and the excess of travel time between actual 
travel times and direct travel times. We believe that the modifications introduced here will help local transport 
authorities to enhance the quality of public transit systems in rural areas and decrease the exclusion of people with 
special needs who live in these areas. The next step is to consider integrating a DAR service with a fixed route 
service. We defined “social cost” as the sum of “operator’s costs” and “user’s costs”. However, other definitions can 
also be used, such as considering the equity of service. Such modifications should be investigated in future studies. 
Moreover, upgrading this model to discuss the optimal design of a transit network and integrating fixed routes and 
responsive services represent additional work. 
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